INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
The utilization of process control and process monitoring are rarely fully implemented for the production of injection moulded products. This may be due to a poor scientific understanding of the moulding process based on the complexities of the process containing multiple variables affecting the final part [1] . Injection moulding is a cost-effective way to produce complex, three dimensional shapes at high volumes [2] . In the plastics industry, injection moulding makes up approximately 32 wt. % of all plastic processing methods, second only to extrusion 36 wt. % [3] . Plastics are family of man -made nonmetallic organic materials which are currently being used in wide applications in the manufacture of industrial as well as consumer products. . .
. The deformable state achieved by plastics at elevated temperature before chemically setting allows them to be shaped to any intricate form [4] . Optimum barrel (melt) temperature is the key to successful moulding because one basic requirement on an automatic injection moulding process is that the moulded parts must be ejected automatically without the need for secondary finishing operations [5, 6] . Shubbar [7] studied the optimum injection temperature used for the production of polyethylene crates. The results revealed that producing the crates at a temperature range of (260-280 °C) gave the best rheological and mechanical result. Westerdale and Kazmer [8] investigated the effects of temperature, relative humidity and feedstock temperature on injection moulded part quality based on part weight, part dimensions and short term mechanical properties observed from tensile testing. The results indicated that environmental conditions influenced the moulded part quality to varying degrees and that the environmental conditions should be controlled for applications with tight tolerances. Zhou and Mallick [9] examined the effects of melt temperature and hold pressure on the static tensile and fatigue behavior of an injection-moulded 40 wt% talc-filled polypropylene. For specimens in the flow direction, both yield strength and fatigue strength increased with increasing hold pressure, but they were relatively insensitive to melt temperature while for specimens normal to the flow direction, both yield 293 293 293 293 strength and fatigue strength increased with increasing hold pressure and decreased with increasing melt temperature. Su et al [10] studied the effect of barrel (melt) temperature on the morphology, thermal behavior and the resultant mechanical properties of the injection moulded bars. They found that the mechanical properties, especially the tensile ductility and the impact strength, were greatly affected by the processing temperature. The samples obtained at low temperatures had the highest elongation at break and impact strength, while those moulded at high temperatures had the poorest toughness. Sahin and Yayla [11] studied the mechanical properties of polypropylene random copolymer with different processing parameters . Njoku and Obikwelu [12] investigated the swelling characteristics and tensile properties of natural fibre reinforced plastic in solvents while Edelugo [13] examined the effect of reinforcement combination on the mechanical strength of glass reinforced plastic under increased temperature conditions. Injection moulding is a very complex process and its process variable like barrel (melt) temperature, injection pressure, the material flow rate, mould temperature and flow pattern usually interact between themselves and with the polymer properties to influence the solid properties of the moulded products.A quantitative analysis of the influence of these factors on the properties of a moulded part will be helpful in gaining better insight into the presently used processing methods and stimulate creative thinking on improved processing methods.The aim of this research therefore is to study the effects of barrel temperature, one of the process variables, on the mechanical properties of injection moulded plastic products of polyvinyl chloride (PVC), Polypropylene (PP) and High Density Polyethylene (HDPE). [14] . This amount of plastic melt must be displaced by the plunger in one single stroke. This is described as a shot [15] . Therefore, total volume of plastic required per shot was estimated as 9.588 cm 3 / shot [16] . The estimated amount of material per shot required for PVC, PP and HDPE is shown in Table 1 [16] . . .
. The clamping force which is the force that holds the mould closed during the injection process so that the mould will not open was determined to be 12 tons [16] . , was used to mould the specimens. This machine has a shot capacity of about 1.5 oz and maximum clamping force of 35 tons. The mould was clamped on the platen and the heaters for the mould and barrel were switched on. The temperature control for the mould was set at 60 o C and that of the barrel at 150 o C. The machine was left undisturbed for 30 minutes for the temperature to stabilize. The first part of moulding was performed with PVC. When the temperature became stable, the electric pump that circulated the cooling water was switched on and then the hopper was loaded with PVC. Starting with the barrel temperature of 150 o C, and increasing the temperature at steps of 10 o C, until 240 o C when the plastic became molten, the cavities were completely filled using an injection pressure of 100 kg/cm 2 . A clamping force of 12 tons was used and before moulding at any temperature, an interval of 180 seconds was allowed for the temperature to stabilize. At 240 o C, ten specimens were moulded at a curing time of about 10 seconds before the mould was opened. Moulding continued until at a temperature of 280 o c when thermal degradation was noticed. The moulding process was repeated with PP which melted at 240 0 c and then with HDPE which melted at 150 0 c. The range of barrel temperature at which specimen were moulded were recorded.
The Tension Test of Specimens
The Tension Test of Specimens The Tension Test of Specimens The Tension Test of Specimens The testing machines used in the experiment was a Monsanto Tensometer (Type 'W' Serial No. 8991). The specimen was firmly gripped in the machine and a force exerted by turning the shaft at a constant rate. The material was stressed as it moved and the forceextension curve was automatically plotted. The tension test was first carried out with PVC specimens moulded at the various barrel temperatures. The tension test was repeated with PP and HDPE specimens. The tensile strength, proof stress (based on 0.1% permanent deformation) and % elongation was determined using (1) was marked out on the central portion of specimen and then it was clamped rigidly between the two retort stands. The dial gauge was clamped, using the third retort stand, above the specimen and its head was allowed to rest on the specimen at the mid-section. Using the thin wire, the 1kg weight was hung at the mid-section of the specimen. The set-up was allowed to stay undisturbed for 180 seconds in order to stabilize. The amount of deflection was read from the dial gauge and recorded. Four specimens were tested at each barrel temperature and the average value of deflection was determined. The experiment was repeated in exactly the same manner for all the different plastics (PVC, PP and HDPE). The flexural modulus of the specimens at the various barrel temperatures was determined using (4):
where y is the deflection in mm, p is Load and L is Overall Fig. 1 ) after which the tensile strength began to decrease to a value of 5.82 N/mm 2 , 21.67 N/mm 2 and 12.13N/mm 2 at barrel temperature of 280 0 C, 270 0 C, 250 0 C respectively. This may be due to chain scissioning (molecular breakdown), reduction in molecular weight and melt viscosity hence decrease in crystallization and orientation occurring with processing temperatures above 280 0 C, 270 0 C, 250 0 C for PVC, PP and HDPE respectively [7, 10] . These maximum values was found to compare favourably with a maximum value of 29.6 N/mm 2 at a barrel temperature of 260 0 C obtained by Sabuar [7] for High Density Polyethyene Crates.
Effects of barrel temperature
Effects of barrel temperature Effects of barrel temperature Effects of barrel temperature on proof on proof on proof on proof Stress tress tress tress The Maximum proof stress for PVC, PP, HDPE was 3.44N/mm 2 , 20.63N/mm 2 and 13.65N/mm 2 at barrel temperature of 240 0 C, 250 0 C and 160 0 C respectively (Figure 2 ). These maximum values were found to compare favourably with a maximum value of 29.52 N/mm 2 at a barrel temperature of 232 0 C obtained by Zhou and Mallick [9] and 25N/mm 2 by Sahin and Yayla [11] for Talc-filled polyproylene and polypropylene random copolymer respectively. The proof stress for all the plastic material experienced a steady decrease after attaining these maximum values as the barrel temperature increased. This may be due to the fact that increase in the barrel temperature increases crystallinity and lowers viscosity, shear stress and orientation. This also permits greater relaxation ultimately leading to decrease in the proof stress and tensile strength of the moulded plastic product. (Fig.3) after which the elongation began to decrease. The sudden fall in percentage elongation is due to molecular breakdown as thermal degradation began to set in above 270 0 C. These values was found to compare favourably with a maximum value of 815% at a barrel temperature of 280 0 C obtained by Sabuar [7] for High Density Polyethyene Crates. 
